Results: Structural equation modelling showed that age 11 IQ was not associated with smoking consumption directly but IQ and adult social class had indirect effects on smoking consumption via deprivation category. The influence of IQ on FEV 1 was partly indirect via social class. Sex influenced smoking consumption and also IQ and social class. There was a 21%
Introduction
The prevalence of smoking has declined since the 1950s following the publication of studies linking cigarette smoking with the development of lung cancer (Doll & Hill, 1950; Levin, Goldstein & Gerhardt, 1950; Schairer & Schöniger, 1943; Wynder & Graham, 1950) , and health publicity effects have led to an increase in the number of smokers who want to stop (Townsend, Roderick & Cooper, 1994) . Among people who continue to smoke in later life the risk of lung cancer may be greater than previous estimates, due to the number of cigarettes that these individuals have smoked throughout their life (Peto et al., 2000) . Understanding the factors that influence smoking behaviour is important for health promotion and interventions to encourage smoking cessation.
Smoking is a major risk factor for disease and mortality. One of the ways that smoking affects a person's health is by causing a decline in lung function (Xu, Dockery, Ware, Speizer & Ferris, 1992) . Poor lung function in adulthood has been associated with all-cause mortality (Hole et al., 1996; Schunemann, Dorn, Grant, Winkelstein & Trevisan, 2000) , respiratory disease (Ebi-Kryston, 1988; Peto et al., 1983) , lung cancer (Tockman, Anthonisen, Wright & Donithan, 1987; Van Den Eeden & Friedman, 1992) , cardiovascular disease (Ebi-Kryston,
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Crittenden & Warnecke, 1998; Osler & Prescott, 1998; Tillgren et al., 1996) , and people who smoke more heavily (Nordstrom et al., 2000) were more likely to continue smoking. For example, in the Dutch GLOBE study, lower educated people were more likely to continue smoking during 6.5 years of follow-up (Droomers, Schrijvers & Mackenbach, 2002) . Poor perceived health and earlier initiation of smoking were the main predictors of the educational differences in smoking in this group.
Previous analyses using the combined databases of the Midspan studies and the Scottish Mental Survey 1932 (SMS1932) found no difference in childhood IQ scores between those individuals who had ever-smoked and those who had never-smoked (Taylor et al., 2003) .
However, current cigarette smokers (at midlife in the 1970s) had significantly lower childhood mental ability scores than past smokers. In this sample there was a 19% advantage in giving-up smoking by midlife associated with a one standard deviation increase in childhood IQ after adjusting for adult social class and deprivation (Taylor et al., 2003) . Our data have allowed us to examine smoking cessation over a considerably longer period than the GLOBE study and have the advantage of having mental ability data prior to the initiation of smoking for 99.3% of the ever-smokers. In the present study we extend our analyses to examine the associations of childhood IQ and social factors, and smoking behaviour, lung function and smoking-related outcomes in mid-life and later-life.
Higher mental ability is related to more favourable educational and occupational outcomes (Neisser et al., 1996) . Childhood IQ predicts age at death, even after adjusting for socioeconomic factors (Hart et al., 2003; Whalley & Deary, 2001) . One possible cause of these associations is via their impact on health behaviours such as smoking. However, no studies to our knowledge have been able to examine childhood intelligence and a range of socioeconomic measures in relation to smoking behaviour and smoking-related outcomes in adulthood. Childhood IQ data has the advantage of measuring ability prior to the influence of formal tertiary and secondary education, and the initiation of health behaviours such as smoking. In addition, childhood IQ at age 11 has been shown to remain remarkably stable up to age 77 years (Deary, Whalley, Lemmon, Crawford & Starr, 2000) .
The present study combines information on childhood intelligence (age 11) with selfreported mid-life smoking, objectively assessed mid-life lung function (at age about 48-55), and subsequent smoking-related health outcomes (up to about age 80) in a cohort of Scottish people born in 1921. They took part in both the Midspan surveys of health in the west of Scotland in midlife in the early 1970s (Davey Smith, Hart & Hole et al., 1998; Hawthorne et al., 1995) , and in the Scottish Mental Survey 1932 at age 11 (Deary et al., 2000) . We investigate (i) whether childhood IQ is linked to smoking consumption and lung function and, if so, whether these links are mediated by social factors in adulthood, and (ii) whether childhood IQ is linked to smoking-related health events and, if so, whether these smoking-related health events can be explained by social factors and smoking in adulthood. 
Method

Early life data
Midlife data
The social, lifestyle and health data were from two of the Midspan prospective cohort studiesthe Collaborative study and the Renfrew/Paisley study. The Collaborative study consisted of workers (6022 men, 1006 women) who were located in 27 workplaces in the west and central belt of Scotland between 1970 and 1973 (Davey Smith, Hart & Hole et al., 1998 . The Renfrew/Paisley study was based on a population cohort of people (7052 women, 8354 men), aged between 45 and 64 years, who were resident in the towns of Renfrew and Paisley, close to the city of Glasgow, between 1972 and 1976 (Hawthorne et al., 1995 . The response rate was 79% in Renfrew and 78% in Paisley. Participants completed a questionnaire and attended a physical examination.
Occupational social class was coded according to the Registrar General's Classification (General Register Office, 1966) . The home address of the participants at the time of screening was retrospectively postcoded to assign deprivation category as defined by Carstairs and Morris (1991) . Deprivation scores were converted to seven categories ranging from 1 (least deprived) to 7 (most deprived). Participants were classified as never, past or current smokers at midlife. Past smokers were ex-smokers of one year or more. Twelve pipe or cigar only smokers were excluded. The amount smoked was measured by asking the number of cigarettes smoked per day.
As part of the Midspan physical examination, forced expiratory volume in one second (FEV 1 ) was assessed and the better of two expirations was recorded. To provide an estimate of the participant's impairment, the expected FEV 1 was calculated from linear regression equations of age (years) and height (cm) from each survey and from each sex. The expected coefficients were obtained from a healthy subset of the study populations (Davey Smith, Hart & Hole et al., 1998; Hole et al., 1996) . The adjusted FEV 1 was defined as the actual FEV 1 as a percentage of the expected FEV 1 .
Later life data
Midspan participants were flagged at the National Health Service Register in Edinburgh and causes and dates of deaths were provided (Hart et al., 2003) . A computerised linkage with acute hospital discharges in Scotland provided records of acute hospital admissions and cancer registrations (Hanlon et al., 1998) . Smoking-related events were categorised as a smoking-related hospital admission, cancer or death during 25 years of follow-up after the Midspan screening examination for never smokers and past smokers as well as for current smokers. Smoking-related admissions or deaths were defined as chronic obstructive pulmonary (IARC, 1986) as diseases that can be caused by smoking. Results of a study by Doll and colleagues (1994) found that cancers of the "upper respiratory sites", lung, and oesophagus were closely related to mortality among smokers; mortality among heavy smokers was at least 15 times that in non-smokers (Doll, Peto, Wheatley, Gray & Sutherland, 1994) . Cancer of the bladder and pancreas were about three times more common in heavy smokers than non-smokers (Doll et al, 1994) .
Sample
Permission to link the Midspan and SMS1932 studies was obtained from the Multi-Centre
Research Ethics Committee for Scotland. The procedures used in the linking of the Midspan studies and the SMS1932 are described elsewhere (Hart et al., 2003) . Participants who were matched to an MHT score were between 48 and 55 years of age at the time of Midspan screening. Of the 1921-born Midspan participants, a total of 1032 out of 1251 people were finally matched with an SMS1932 record. Of those matched, 938 (91%) had an MHT score recorded (552 men, 386 women). The MHT scores were corrected for age (in days) at the time of testing and converted to IQ-type scores with a mean 100 and standard deviation 15 (Hart et al., 2003) . The analysis was conducted on 905 participants, including non-smokers, who had complete data. The participants with missing data did not differ significantly from the sample with complete data.
Analyses
The data were analysed using SPSS for Windows (version 11.0) and the EQS Structural Equation Modelling Program (Bentler, 1995) . Chi-square analysis and t-tests were used to compare the number (%) of people in each smoking status category and differences in smoking variables and FEV 1 between those participants who were matched and not matched to a MHT score. Pearson's product-moment correlation coefficients and, where appropriate, Spearman's correlations, were used to investigate the relationships between variables. Structural equation modelling (SEM) was performed using the EQS program (Bentler, 1995) to test the relationships among the variables. Sex, adult social class and deprivation category were categorical variables. This technique allowed us to examine the hypothesis that the effect of childhood IQ on smoking and FEV 1 was mediated through lifestyle and occupational factors.
Robust methods were used for analysis. Chi-square, residual covariance and fit indices were used to indicate the goodness of fit of the model to the data (Bentler, 1995). Cox's models were used to calculate proportional hazard ratios of having a smoking-related event in 25 years of follow-up, associated with a one standard deviation decrease in IQ. The survival time was the time between Midspan screening and the first associated event.
Results
Matched versus non-matched participants
Participants who were matched did not differ from participants who were not matched to an MHT score in the number of cigarettes smoked per day and FEV 1 . The proportion of never smokers, ex-smokers and current smokers at midlife was similar for the participants who were matched and not matched to a MHT score.
Correlations
Correlations between childhood IQ, adult social class, deprivation category, and the number of cigarettes smoked per day and FEV 1 at midlife were examined for men (n = 534) and women (n = 371) separately. Lower childhood IQ was associated with poorer adult social class (men r = -.43, p < .001; women r = -.35, p < .001) and worse deprivation category (men r = -.27, p < .001; women r = -.22, p < .001). There was no significant association between childhood IQ or adult social class and the number of cigarettes smoked per day. In women, worse deprivation category was associated with smoking a greater number of cigarettes per day (r = .18, p < .001) but this relationship was not significant in men. Lower childhood IQ scores were significantly associated with poorer lung function in adulthood with similar, small effect sizes in men and women (r = .16, p < .001 and r = .14, p < .01, respectively). After controlling for smoking in adulthood, the relationship between childhood IQ and FEV 1 remained significant (men: partial r = .17, p < .001; women: partial r = .14, p < .01). In women, smoking a greater number of cigarettes per day was associated with poorer lung function (r = -.31, p < .001). The association between the number of cigarettes smoked per day and lung function was smaller in men but tended towards significance (r = -.08, p = .06).
Structural equation modelling
Structural equation modelling (SEM) was used to examine the influence of childhood IQ and social and lifestyle factors in adulthood on the number of cigarettes smoked per day and FEV 1 at midlife. When specifying the theoretical model to be tested it was hypothesised that (i) early life variables influence later life variables, (ii) social and lifestyle factors influence health behaviours, (iii) adult social class is directly associated with deprivation category, (iv) smoking influences lung function, and (v) there will be direct and indirect pathways. The model that resulted from the SEM exercise is shown in Figure 1 Childhood IQ and social class were not associated directly with smoking consumption at midlife. There was a significant pathway between deprivation category and smoking consumption, indicating that the influence of childhood IQ and adult social class on smoking consumption was mediated via deprivation in adulthood. Adult social class had a direct influence on FEV 1 . There was a significant pathway between sex and smoking consumption in adulthood. A further significant pathway was found between the number of cigarettes smoked per day and lung function at midlife. The Lagrange multiplier indicated that adding a direct pathway between sex and adult social class, and a further direct pathway between childhood IQ and FEV 1 would result in a superior model fit. To summarise, the model shows that age 11 IQ did not effect smoking consumption directly but childhood IQ and adult social class had indirect effects on smoking consumption via deprivation category. There is a small direct effect of IQ on lung function at midlife, and another effect that is indirect, via adult social class. Sex influenced smoking consumption and also IQ and social class.
Smoking-related outcomes over 25 years of follow-up
One hundred and ten people had a smoking-related admission, cancer registration, or death in the 25 year follow-up period (84 men, 26 women). 'Smoking-related' events happened to never smokers (n = 8) and past smokers (n = 9) as well as a larger number of current smokers (n = 93). Table 1 shows the hazard ratios of having a smoking-related event, during 25 years of follow-up, for each standard deviation disadvantage in childhood IQ. After controlling for sex, the risk of having a smoking-related event was 21% higher for each standard deviation disadvantage in childhood IQ. Adjustment for social class, deprivation category and smoking separately reduced the risk to 14%, 18% and 16%, respectively, and the hazard ratios were no longer statistically significant. The fully adjusted model controlling for sex, social class, deprivation category and smoking reduced the risk to 10%.
Insert Table 1 about here
Discussion
In both men and women, a lower childhood IQ at age 11 was associated with poorer adult social class, greater deprivation and poorer lung function at midlife, but there was no significant association between childhood IQ and smoking consumption. These correlations may oversimplify the relationships among the measured risk factors and smoking behaviour. The use of SEM allowed us to test hypotheses about how different risk factors associate with each other (Bentler, 1995) . We were able to (i) explore whether social and lifestyle factors in adulthood had direct or indirect links with childhood IQ, and smoking consumption and lung function, and (ii) examine the effect of different predictors on smoking and lung function within the same analysis.
The substantial effect of social and lifestyle factors on smoking and health is well known (Carstairs & Morris, 1991; Whitehead, 1992) . In structural equation modelling, deprivation category emerged as a predictor of smoking consumption. This finding complements previous studies which showed that people who live in more deprived areas were more likely to smoke and had poorer lung function even after social class had been taken into account (Davey Smith, Hart, Watt, Hole & Hawthorne, 1998) . Childhood IQ and adult social class were not directly related to smoking consumption but there was evidence to suggest they may have a small indirect effect on smoking consumption via deprivation in adulthood. Childhood IQ, adult social class and smoking consumption had significant associations with FEV 1 in adulthood. These associations were partly indirectly influenced by sex. The association between childhood IQ and FEV 1 in adulthood remained significant after partialling out the effect of smoking but the effect size was small. This finding contrasts with the results from adults in the 1921 Aberdeen birth cohort (another SMS1932 sample) which found no association between childhood IQ and lung function at the later age of 77 years (Starr, Deary, Lemmon & Whalley, 2000) .
Several studies have shown an association between lung function and specific diseases and mortality (Ebi-Kryston, 1988; Hole et al., 1996; Marcus et al., 1989; Persson et al., 1986; Peto et al., 1983; Schunemann et al., 2000; Strachan, 1991; Tockman et al., 1987; Van Den Eeden & Friedman, 1992; Welin et al., 1987) . One's level of FEV 1 in adulthood is likely to be determined by genetic and biochemical factors, intra-uterine growth, social and lifestyle factors (e.g. diet, exercise), occupational exposure not fully captured by social class, as well as air pollution, and health behaviours such as smoking. The mechanisms of the association between FEV 1 and morbidity and mortality have not been determined. The effect of poorer lung function on mortality is unlikely to be purely attributable to smoking as the same association was found in non-smokers (Hole et al., 1996) . Our novel results show that IQ in childhood can explain a small amount of the variance in FEV 1 in adulthood which is not captured by smoking behaviour.
Childhood IQ may be an indicator of other unmeasured factors. For example, people with lower IQs may experience higher levels of childhood respiratory illness as a result of damp housing and overcrowding.
We have shown previously that childhood IQ at age 11 was related to survival up to age 76 (Hart et al., 2003) . Here we tested the hypothesis that the relationship between IQ and mortality involves mediation via smoking behaviour. There was a 21% increased hazard ratio of having a smoking-related illness event associated with a one standard deviation disadvantage in childhood IQ. After controlling for adult social class, deprivation and smoking consumption in adulthood the risk of having a smoking-related event associated with IQ was somewhat attenuated and became non-significant. We have shown previously that the more intelligent smokers in this cohort were more likely to give up smoking by the time they reached midlife (Taylor et al., 2003) . It may be, therefore, that higher IQ in early life is associated with a tendency to make healthier lifestyle decisions, and responsiveness to health education material.
In this study information about the degree to which each cigarette is smoked down to the butt, the brand and strength of the cigarettes, and whether the cigarettes were filtered, was not available for all of the participants. The data are a poor surrogate for the 'dose' of the exposure and when in life it occurred. These and other smoking behaviours could differ between social groups and by childhood IQ and may influence the health consequences associated with smoking.
It is possible that current smoking was under-reported or concealed by some of the participants in our sample. However, in epidemiological studies, self reported smoking is found to be valid (Vartiainen, Seppala, Lillsunde, & Puska, 2002) . Cotinine concentrations were not measured in the present study. Measurement of cotinine concentrations is one possible way to obtain an objective assessment of current smoking consumption (Heinrich, Holscher, Seiwert, Carty, Merkel, & Schulz, 2004) It is important to consider the sampling differences between the two Midspan cohorts when considering the generalisability of the findings. The Collaborative participants were workers whereas the Renfrew/Paisley participants were from the general population living in these towns. However, both samples were based in the same general area (mainly the west of Scotland) and born in the same year. It is likely, therefore, that both samples had similar experiences and lifestyles. As with all longitudinal cohort studies, our data are susceptible to cultural and temporal factors, such as the age of the participants and the area where they grew up. These factors should be acknowledged when interpreting the results. Unlike today, the participants in the present study would not have been aware of the health risks of smoking when many of them started smoking; otherwise, the more intelligent smokers might have chosen not to start. Replication of these findings in other samples will be necessary to evaluate whether the results are cohort-specific.
We have shown that age 11 IQ had a small effect on lung function in adulthood but was not associated directly with smoking consumption in this cohort. Childhood mental ability was associated with smoking-related outcomes during 25 years of follow-up, but this was attenuated once smoking had been controlled for. Future investigations should investigate further the possible pathways which may link childhood IQ to health in later life. Excludes pipe/cigar smokers (n = 12) and people with missing data. 
